BOBBNCE JOPERE TN,
%%%%g%ﬁ {: 1595 4 Hunt Highoeay, Plovencs, Srkeons 85132 USA

September 18, 2018

Mr, David Albright

U.S. Environmental Protection Agency
Region 9, Ground Water Gffice, WTR-9
75 Hawthorne Street

San Francisco, California 94105-3901

Re: Transmittal of Propesed Procedures for Determining Alert Levels and Aquifer Quality
Limits for Groundwater Compliance Monitoring, Florence Copper Project

Dear Mr. Albright:

Florence Copper, Inc. (Florence Copper) herewith transmits the enclosed Proposed Procedures for
Determining Alert Levels and Aguifer Quality Limits for Groundwater Compliance Mownitoring, Flovence
Copper Project for review by the U.S. Environmental Protection Agency. This submittal presents a
proposed method for establishing Alert Levels and Aquifer Quality Limits in cases where the standard
methodology may provide sufficient protection against false positive indications.

Florence Copper looks forward to vour review and fo discuss contents of this submittal with your team
and value your input regarding the proposed methods. This submittal was prepared to satisfy the
requirements of Part ILF.2 and 3 of the Underground Injection Control Permit ROUIC-AZ3-FY11-1.

Please contact me at 320-374-3984 if you or your team requires any additional information.

Sincerely,

Florence Copper Inc.
™, 7

SN (4

Daniel Johnson
Vice President — General Manager

ce: Nancy Rumrill, U.8. Environmental Protection Agency
Maribeth Greenslade, Arizona Department of Environmental Quality

Attachment:

Proposed Procedures for Determining Alert Levels and Aquifer Quality Limits for Groundwater
Compliance Monitoring
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INTRODUCTION

Temporary ARP No. P-106360 requires the calculation of alert levels (ALs) and aguifer quality
timits {AQLs) for groundwater compliance monitoring at the Florence Copper Inc. facility
{Facility}.

The permit autlines methodology for calculating ALs, along with & set of criteria to follow for
selecting the final AL and AQL in Permit Conditions 2.5.3.2.1 - Alert Levels for POC Wells, and
2.5.8.5.1 ~ Alert Levels for Supplemental Wells and MW-0L. Based on preliminary evaluation of
the data, the majority of the Als can be set using the permit-described methodology. In cazes
where datasets have reduced variability, this document outlines proposed modifications to the
permit method.

Flease pote that some example datasels are provided for the purposes of demonstration and
are not considered {0 be complete or final.

PERMIT METHODOLOGY

The Temporary Aguifer Protection Permit {APP) outlines the methodology for setting Als and
ATL. There are thres general steps:

= Dyta preparation;
& lsing the mean and standard deviation to caloulate 3 statistical AL and
»  Using case criteria to determine the final Als and AQLs.

DATA PREPARATION
Permit Methodology

Data will be prepared for AL caltulations as outlined in the Temporary APP.
= Als will be caleutated using a minimum of 8 and & maximum of 12 consecutive sample rounds.
o inthe majority of cases, ¢ sample results will be usad; except where an outlier is identified,

= Any date where the laboratory practical guantitation limit {PQL} exceeds 80% of the AWGS will be
excluded from the calculations.

= Chvicus outllers will be excluded from the calculations.
o Outliers will be determined primarily on the basis of graphical review.

In addition, It Is proposed thai
s Duplicate analytical results will be removed.
Hamdling of Non-Detect Values

The APP prescribes using a value of one-half of the POL for resulis below the detection imit for
the calculstion of Als. This is used where greater than 50% of the results are non-detect,
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Proposed Procedures for Determiining Als and AQLs for Greundwater Compliance Monitoring

For cases where a dataset contains at least one non-detect but less than 50% of the results are
non-tetect, the statistical method proposed below accommodates the non-detects, which only
need to be identified at the value of the PQL.

ALERT LEVEL CALCULATIONS
Permit Methodology

The permit prescribes caloulation of the Als based on a tolerance interval. The AL i3 calculated
with the following equation:

Al =F4+k-s
where:
% = the mean of the existing concentrations in 8 given well;
5 = the standard deviation of the existing concentrations in a given well; and
k = a multiplicative factor that accounts for uncertainty in the analysis and the desired
coverage and confldence of the AL {discussed balow}

The values of ¥ and 5 are calculated from the existing concentrations using appropriate
statistical methods,

Development of the k Constant

The permit recommends using the Lieberman Tables for a one-side normal tolerance interval
with a 95% confidence level. Based on a 9% coverage and 3 sample size of 8, the b value for
this data set would be 4,143,

In reviewing prefiminary calculations, it was ohserved that many of the datasets have low-
variability, resulting in Als that only marginally exceed the maximum ohserved value, Table 1A
~ Example Case 1 shows the calaulstion of the Al for a magnesium dataset with no non-detect
values:

Average~9.0

Maximum -~ 11

Standard Deviation —~ 1.2

Calculated UPL =204+ 12% 4143 « 14

Because the AL is only marginally higher than the maximum observed value, it is likely that a
result may exceed the calculated AL due to natural water guality variation. The 99% coverage of
the AL means that the AL represents the 98% percentile of the dataset, which would be
excesded approximately 1% of the time sven under natural conditions. Based on the number of
wells and analysis required for the project, this could translate to as many as 10 false positives
i a year,
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Proposed Proocedures for Determining ALs and AQLs for Groundwater Complisnos Monltoring

Modified & Value - Upper Prediction Limit

An alternative statistical method for calculating the kvalue is described by the United States
Environmental Protection Agency {EPA) in “Statistical Analysis of Groundwater Monitoring Data
at RCRA Facilities — Unified Guidance™ {EPA, 2009}, The AL calculated s an Upper Prediction
Lirdt {UPLY, representing a value that is unlikely to be exceeded by any single future
measurement, unless groundwater conditions have changed. The value of ks caloulated as:

i

k = tg‘mx'nmi * 3. +;;

where:
= the sample size of the existing concentration dataset for a given well;
o = the desired false positive rate of the UPL {discussed below); and
Efmse -1 = the value of the tdistribution for the given values of i and o

Berause the dataset of existing concentrations represents only a sample of the full range of
possible concentrations, the chance that the UPL will be excesded sven in the absence of 2
release to groundwater cannot be reduced to zero. The chance that the UPL will be excesd in
the absence of a release to groundwater is managed through the chosen value for o

An exceedance of a UPL even in the absence of a release to groundwater is called a “false
positive.” The expected rate of occurrence of false positives {l.e,, the false positive rate} is
controlled through the value of o o Is equal to the desired false posltive rate, and thus a value
of o = 0.01 would indicate that the UPL has a 1% chance of being exceaded every time a new
sample is collected, even if a release to groundwater has not ocourred,

Future groundwater samples will be compared 1o ALs and AQLs for many parameters in many
wells multiple times per vear, Even if every UPL had only a 1% chance of recording e false
nositive during sach comparison 1o a new dats point, the chance of observing at least one false
positive throughout the vear would be unacceptably high. To aveid this problem, the false
positive rate of each UPL is set at a sufficiently small value to ensure that the overall false
positive rate over the course of the year {valled the cumulative false positive rate} is reasonably
simall.

The value of « for each UPL is determined from the desired cumulative false positive rate using
the following equation {EPA, 2008}

otz 1 (1 —0c,) e
whers:
o, = the desired cumulative false positive rate; and
Ny = the number of tests {i.e., comparisons to a UPL) conducted over the course of a year,

The number of comparisons to a UPL per year Is determined from the number of parameters,
number of wells, and sarmpling frequency. For this APP, four parameters {the cormaon lons) are
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Proposed Procedures for Determining ALs and A0Ls for Groundwater Sompliance MonBorng

sampled four times per year. A full set of parameters {27 parameters in total} is sampled twice
per year. The number of wells that are to be sampled each year Include the 3 new POC wells,
9 supplemental wells plus 4 existing POC wells that already have established Als and AOLs.
Thus, the total number of comparisons per year s 892,

The cumulative false positive rate is chosen to minimize, to the degree possible, the chances of
observing ot least one Talse positive in a given year. The trade-off to choosing 3 low cumulative
false positive rate is that the value of &, and thus the UPLs, increase and are less sensitive to
detecting releases to groundwater. However, given the nature of the mining solutions, a release
to groundwater would be expected to produce a significant change in groundwater chemistry,
guickly exceading the Als. Thus, minimizing false positives can be achieved without Hmiting the
effectiveness of the groundwater monitoring program.

The value of the cumulative false positive rate selected in this analysis Is 0.01. This means that
there will approximately a 1% chance of observing at least one false positive every year,
provided that groundwater conditions do not change {either due to a release or through natural
variation). in other words, false positives will be expected to ocour with a frequency of one
every 100 vears, assuming stable groundwater conditions.

The cumulative false positive rate of 0.01 gives a value of o for sach UPL of 1.01 x 10-5, which
gives a value for k of 9.37 when the sample size of the dataset is 9, Although the k value would
be higher for any data set with 8 samples, where an outller is excluded, the same kvalue of
9.37 will be used for consistency, since this is a more conservative result.

Using this proposed k value for the example case yields a UPL that is less likely to have false
positives but is nonetheless protective of groundwater.

For Example Case 1
Average 8.0
Maximum - 11
Stendard Deviation - 1.2
Calouloted UPL=0.0+ 1.2 ¥ 937 =20

Adjusted Standard Deviation

in some cases, the datasets have extremely low variability. This Is not unexpected because the
data were collected over 2 relatively short period of time and may not reflect long-term
variability in groundwater conditions. Table 1B ~ Example Case 2 demonstrates the potential for
a UPL, using the revised k valus, that is still fikely to result in false positives:

Average — 233

Maximum ~ 24

Standard Deviation ~0.5

Calculated UPL=2334+05%937=28

& water-guality variation of less than 15% would vield an exceedance.
To account for the low variability, it is proposed to adjust the standard deviation:
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Proposed Procedures for Determining ALS and AQLs for Groundwatsr Compliance Monitoring

= The coefficlent of variation {CV) will be caloudated for each dataset. The OV, which is equal to the
standard deviation divided by the mean, Is a standardized measure of variabiity, In other words, the
LY for a dataset with g mean of 1,000 can be divectly compared with the CV for a dataset with a
mean of 18, The same cannat be said for the standard deviation, which is dependent on the
magnitude of the data points as well as the variability.

o For datasets with g CV less than 0.1, the standard deviation will be set to 10% of the mean.

For Example Case 2:
Average —23.3
Maximum ~ 24
Standard Deviation - 0.5
Coefficient of Variation = 0.02, below 0.1
Adjusted Standard Deviation = 10% of Average = 2.3
Caloulated UPL =233 + 234 937 =45

This yields a UPL that is similar in relative magnitude to the dataset as Example Case 1 and less
prone o false positives.

Datasets with Non-Dietects

For datasets with alf detected results, the mean and stendard deviation are calauiated using
standard methods {e.g., arithmetic average and sample standard deviation formulas found in
software such a5 Microsoft Excell.

i 2 dataset contains at least one non-tdetect but the percentage of non-detects s less than 50%,
it s proposed to caloulate the mean and standard deviation using the Kaplan-Maler Method, as
recorynended by Helsel (2005}, All caleulations will be performed in Microsoft Excel, the R
Statistical Programming Language {R Core Team, 2018}, or the EPA’s ProliCL software, version
5.1{EPA, 2015),

For datasels with 50% or more non-detects, it Is proposed to use the permit-described method,
substituting non-detect values with one half the value of the PQL to calculate the average and
standard deviation of the dataset. i appropriate, an adjusted standard deviation of 10% of the
mean would be used.

For datasets with 100% non-detects, it is proposed to use an average of the PGls and an
adjusted standard deviation of 10% of the mean.

Examples of the three types of non-detect datasets are shown in Teble 1€ — Example Case 3,
While these last two approaches are not ideal, they at least provide estimates for UPLs Tor
comparison to a standard, or provide a UPL where no standard exists. Parameters with farge
numbers of non-detects include certaln trace metals, organics, and radium.

UPLs by Well vs by Parameter

Four parameters have been selected in the Temporary APP as primary indicator parameters,
individual UPLs will be calculated for these on 3 well-by-well basis.

3
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Proposed Procadures for Determining Abs and Afils for Groundwatsr Compliance Monitoring -

For metals, organics, and radinchemicals where there Is imited varlability and large number of
non-detects, # is proposed 1o use the highest UPL calculated for the 12 wells in order to have &
standardized AL, However, in the event that 8 well is significantly different from the other wells,
a standard UPL will be st for the main group of wells and a separate UPL for the well{s} with
unigue results. For example, many total radium values are non-detect; however, Two wells have
exhibited total radium values above the Aguifer Water Quality Standard [AWOS) In this case,
the highest UPL calculated for the first ten wells would be used for those wells, and than
separate UPL calculated for each of the remaining two wells which have values above the
AWAS.

BLS AND AQLS FOR PARAMETERS WITH AWOS

Once a UPL has been calculated, it will be compared to the numerical AWGS to determine the
final AL and AQL In accordance with the permit. Table 2 outlines the case oriteria described in
the permit, Table 3 gives a summary of what method will most likely be used to set the final AL
for each parameter; however, this is based on preliminary data and subject to change.

Peymit Methodology

Numerical AWGS have been established for fluoride, eleven {11} trace metals, benzens,
toluene, ethylbenzene, wylene (BTEXY, alpha, and radium, For sach gaz‘ameter‘with an AWQS,
the ALz and AQLs will be set as follows:

Case 1 - POC Wells

e f greater than 50% of the results for a well are non-detect, then the AL will be set at 80% of the
AWS and the AQL will be set equal to the AWOS;

& |f the calculated UPLis Jess than 80% of the AWDS, then the AL will be set at 80% of the AWQS and
the AQL will be sel sgusl to the AWQS;

s I the calculated UPLis greater than 80% of the AWOS but less than the AWQS, then the AL will be
set squal te the UPL and the AQL will be set equal to the AWQS; and

o {f the calculated UPL s greater than the AWQS, then the AQL will be set egual to the caleulated UPL,
and no AL will be set for that parameter at that monitoring point.

Case 2 ~ Supplemental Wells

a if greater than 50% of the results for & well are non-detect, then the AL will be set at B0% of the
AWDS;
e If the calculated UPL is less than 80% of the AWQS, then the AL will be set at 80% of the AWQS;

s if the calculated UPL Is greater than 80% the AWGS but less than the AWQS, then the AL will be st
egual to the calculated UPL valug; and

s A(Ls are not required for supplemental wells.

Note that nitrate has an AWQS; howevey, the Temporary APP states that Als and AQLs will not
be established for nitrate as itis not a parameter of concern for the provess.

8
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Proposed Provadures for Determining ALs and AQLs for Groundwater Compliance Mondioring —

ALS FOR INDICATOR PARAMETERS

Indicators with Secondary Standards

indicator parameters do not have an established AWQS. Secondary drinking water standards

{SDWS} are avallable for sulfate, total dissolved solids (TDS), and five trace metals. For each

parameter with an SDWS, & s proposed to set Als using the same methodology described

abuve,

= i greater than 50% of the results for a well are non-detect, then the AL will be set at 80% ofthe
SDWS;

= {f the calculated UPL is fess than 80% of the SDWS, then the AL will be set at 80% of the SDWS;

o if the calculated AL is greater than B0% the SDWS, then the AL will be set equal to the calculated UPL
valus; and

e For the five trace metals, as the concentrations are generally low and the indicator parameters are
not of primary concern for groundwater protection, the AL will be zet equal to the highest AL in any
well for each indicator metal,

Indicators with No Secondary Standard

Two parameters, magnesium and cobalt, do not have an AWQS or SDWS.
= The Al for magnesium will be set to the calculated UPL for sach well; and
s The AL for cobalt in all wells will be set to the highest calculated UPL for any well.

AQLs are not required for parameters that do not have an established AWQS.
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Florence Copper Ing,
Propossed Proceedures for Determining
Alert Levels and Aguifer Quality Limits

TABLE 14 - EXAMPLE CASES DEMONSTRATING PROPOSED UPL CALCULATIONS

, Example Case 1 .
Cornparison of UPL Calculations Using the Pesmit k Factor
~ andthe Proposed UPLK Factor. .
Description Magnesium Commants

Resulls 13 Example Values Detected at Each Sampling

7.5 Event

7.6

10

.4

8.0

8.0

8.6
Number of Samples 3
NMunvher of Datections 3
Number of Non-Detections &
Percentage of Non-Detert 0%
Madmum Valus Detected i1

Direct
Catoulation Method Calculation
Syarage of Detected Values 5.0
Standard Daviation 1.2
Paymit k Valus daas One-side Tolsrance Interval, 85% Conlidence
Calculated AL Using Permit k 43.8 Mot Protective Against False Positives
Proposed &k Valus 937 UPL with 99% Confidence Level
Revised Al Using Proposed ke ' 20 Sufficienly Protective Against False Positives
Notes:
Al results in millligrams per Liter {mg/t). UPL = Upper Prediction Limit
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Florence Copper Ing.
Proposed Frocesdurss for Determining
Alert Levels and Aguifer Quality Limits

THABLE 18 - EXANMIPLE CASES DEMONSTRATING PROPOSED UPL CALCULATIONS

“ExampleCasez 1
Compatison of UPL Calculations Using the Traditional Standard Deviation
 ondthe Proposed Adjusted Standard Deviation
e iEEUE - v
Description Magnesium v Commenits
Resulis 24 Example Values Detected ot Each Sampling
23 Evert
232
23
23
24
23
23
Number of Samples 8
Numbher of Detections &
Number of Non-Detecions ]
Porcantage of Non-Dietect 0%
Modmum Value Detectad 24
Direct
Caleulation Method Caloulation
Byerage of Detacted Values 233
Proposed k Value 9,37 UPL with 9% Condidence Level
Standard Deviation 0.5 Traditional Standard Deviation
Caloutated UPL 276 Not Protective Against False Positives
Cosflicient of Variation 002 Sthev/ave Must be Greater than L1
Adjustad Standard Deviation 2.3 "10% of Average
Revised UPL Using Adiusted
Standard Deviation 45 Sufficienly Protective Against False Positives
Notes:
Alf results in milligrams per Liter {mg/LL LUPL = Upper Prediction Limit
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Florence Copper Inc.
Propasad Proceedures for Determining
Alert Levels and Aquifer Quality Limits

TABLE 1€ - EXAMPLE CASER DEMONSTRATING PROPOSED UPL CALCULATIONS

§§§m;ﬁa Casea
Examples of Caluudations which gggaiwﬁaﬁ&ung of Mon-Detect Values
o e =
= . msso A o
Desciption Huoride Comments
Results 0.86
.72 Examplz Yalues at Each Sampling Event
057
3.68
(.60
Murmber of Sarmples 8 8 &
Number of Detectipns 5 2 o
Number of Mon-Detections 3 & B
Parcentage of Non-Detect 38% 5% 100%
EMaxinum Value Delected 496 800028 NA
E Subsiitute Snd Dev-10%
fethod of Hondling Non-Detects Kaplan-Meier 50% PGL POL
Average Value 0,59 2.00018 04055
Standard Deviation 318 Q.8G007 ~
Coefficlent of Varfation 0.31 .44 - StDev/dve Must be Greater than 0.1
Astiusted Standard Deviation - - 0,006 10% of Average
Proposed & Value 537 2.37 3.37 UPL with 99% Confidence Leved
Caleulated UPL 2.32 0.0008 0.3 Sufficlenly Pratective Against False Positives
Botes:

Al results In mifligrams per Liter fimgfl).
UPL = Upper Prediction Limit

Values are non-datected at the PQLshown,
sodics = Values have been replaved with half the PGL
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Florence Copper lnc.
Proposed Procesdures for Determining

alsrt Levels and Aguifer Quality Limits

TABLE 2 - CASE CRITERIA FOR SETTING ALS AND AQLS

FARAMIETERS WITH AWOS
Well Type Calculated UPLEs: AL AQL
» 50% non-detects 80% AWGS  AWDS
< 80% AWOS B0% AWGS  AWOS
i~ o
Case1-POCWells o tween80%and AWOS  UPL  AWGS
> AWOS UPL 11148
Calculated UPLIs: AL AdL
Case 2 - Supplemental » 50% non-detects 80% AWQRS  None
A8 ng < 80% AWQS 80% AWQS  None
= 8% AWLS LpL Hone
P‘ARAWEWE&S WITH SDW5 )
Well Type Caloulated UPLIs: AL Anb
> 50% non-detects B0% 5DWS  None
All Wells < B0% SDWS BO% SDWS  None
> BO% SDWS UPL Nune
PARAMETERS WITH NO STAN@&RDS
Well Type Calcutated UPLis: AL anl
a1 Wells UpL upL None
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Florence Copper oo,
Proposed Proceedures for Determining
Alert Levels and Aquifer Quality Limits

TABLE 3 - ANALYTICAL PARAMETERS REQUIRING ALFAGL CALCULATIONS

e g
Analyte AWGS  spws

v - . Common lons L
Fluoride 4 2 80% AWOS
fMagnesium ME NE Well by Well
Sulfate NE 350 Well by Well
TDS NE 500 Well by Well

.  Trace Mistals L
Alursinum NE 4.2 B3 SDWS
Antimony 3.006 NE 80% AWQS
Arsenic® .01 NE 80% AWQS
Barium 2 NE 80% AWQS
Berylium 0004 NE BO% AWQS
Cadmium 0.005 NE 80% AWQS
Chromium 9.1 NE 80% AWQS
Cobalt NE NE Highest Calculated AL
Copper NE i B0% SOWS

fron MNE 0.3 Highest Calculated AL
Lead 0.05 NE 0% AWQS
Manganess NE 0.05 Highest Caloulated AL
Mercury 0.002 NE 80% AWQS
Micket 0.1 NE Highest Calculated AL
Selenium 005 NE BO%% AWGS
Thallium 0.002 NE 8056 AWAS

Zine NE 5 80% SOWS
.  Organies .
Benzene 0.005 NE 8056 AWS
Ethytbenzene 0.7 NE 0% AWGS
Toluene 1 ME BO%% AWGS
sylens 10 NE 80% AWOS

_ Radiochamicals o

Alpha® 15 NE Highast Calculated AL
Radium 226228 5 NE Highest Calculated AL’

Noves:

1} The Alert Level Method is sstimated based on preliminary data and subject to change.
2} MCL Value for arsenic Is vsed per the permit,

3} The AWQS applies to Adjusted Alpha which eguals Gross Alpha minus Uranium
isotopes, Adjusted Alpha is caloulated if Gross Alpha Is greater than 12 pleocuries per
firer, otherwise Gross Alpha Iy used.
4} tn all cases, i individual well results are significantly different from the average, a
separate AL will be set for the well, while the remalning wells may follow the described

method.
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